Introduction

What is MatML?
On 01 October 1999, the National Institute of Standards and Technology (NIST) initiated the development of MatML, a markup language for the management and exchange of materials property data. At NIST, the need for such a markup language became evident in May 1997 during the development of the Ceramics WebBook 1 , which includes databases of evaluated data for advanced ceramics, a guide to materials data centers and sources, and a collection of materials-related tools and resources. It was during the May 1999 ASTM-NIST Workshop on Materials Data in the Internet Age, however, when it became clear there were many independent realizations that a materials data markup language was needed. A few months later, NIST addressed this need by launching the MatML development project. The first order of business was the assembly of an international working group composed of materials data experts. The MatML Working Group's central activities were to determine the scope of MatML's application and to formulate its vocabulary and syntax. There was an especially strong emphasis during the working group discussions that: MatML ought to be flexible in the scope of its application, i.e., that it could be used to markup a wide variety of materials data from a broad range of sources; MatML's vocabulary should be materials-oriented and easy to learn; and MatML's syntax must be extensible to accommodate both alternative and unanticipated forms of materials data and their representation.
Perhaps the best way to describe MatML is by example and in contrast to HTML. Materials property data distributed on the World Wide Web in documents using hypertext markup language (HTML) present two problems for computer applications intending to use the data: interpretation and interoperability. Figure 1 contains an HTML code fragment for aluminum alloy data. Since the data are not self-describing, one would need a complete data dictionary and glossary of terms as well as exact detailed knowledge of the document structure in order to write a computer application that uses these data without human intervention. In Figure 1 , for example, it would be necessary to distinguish the descriptors of the material (1350, metal, aluminum alloy, ASTM B230, H18) from the property data (table of axial-stress fatigue strengths in ksi units). Assuming a consistent structure within and across documents from the data source, it would then be possible to parse and interpret those data programmatically for subsequent use in another computer application. In absence of tightly and consistently structured documents, a data dictionary, and a glossary of terms, however, interpretation arises as a key stumbling block for automated use of the materials property data contained in HTML documents.
If interpretation of data were not an issue, the computer application developed to parse and use the data would likely encounter serious difficulties were it to try using data from other structurally dissimilar sources. Interoperability, then, would be a limiting condition for the use of the computer application across structurally dissimilar data sources even if data dictionaries and glossaries of terms were available.
MatML addresses the problems of interpretation and interoperability for materials property data exchanged via the World Wide Web. The example given in Figure 1 might be coded as in Figure 2 and would allow an application to interpret and use materials data regardless of their sources. 
Fig. 1: Aluminum alloy data in HTML
HTML tags specify only how the data are to be formatted for display and convey no description of the data themselves. While this aspect of HTML has enabled the publication of billions of web documents, it, nonetheless, represents a serious drawback to those who wish to automate the processing of the data contained in those documents.
To address this problem, the Extensible Markup Language 2 (XML) was developed and released by the World Wide Web Consortium 3 (W3C), an international group of approximately 500 member organizations dedicated to developing common protocols that promote the evolution of the Web and ensure its interoperability.
XML enables communities, such as materials scientists and engineers in the case of MatML, to define their own domain-specific tags and document structure, i.e., they can create their own languages for data management and exchange that, in turn, permit efficient parsing and interpretation of those data via software.
The descriptive nature of the MatML tags, such as <Name>, <Class>, and <Subclass> is plainly evident, permitting the language to be far more intelligible than non-descriptive fixed tagsets such as HTML. At the same time, MatML defines a coherent and consistent document structure for its tags, which ensures that any programming language can be used to parse and process the data in whatever manner required. The formal specification for MatML 3.0 Schema, which covers syntax and semantics, is provided in Appendix A.
MatML Development History
The most important attribute of the MatML development effort was the inclusion of a broad range of input from the materials community. These individuals and groups represented private industry, government laboratories, universities, standards organizations, and professional societies, and their efforts were coordinated by NIST.
The initial strategy for MatML's development included the establishment of a working group (Table 1) that delineated the scope and specifications for the new language from which MatML was developed. On 28 April 2000, an initial working draft of the language, Annotated MatML DTD Version 1.0 (MatML 1.0), was released for comment. In response to working group feedback, a second version of MatML, Annotated MatML DTD Version 2.0 (MatML 2.0), was released on 29 March 2001. A few months later, on 26-27 2 See: http://www.w3.org/XML/ 3 See: http://www.w3.org/Consortium/ <MatML_Doc> <Material> <BulkDetails> <Name>1350</Name> <Class>metal</Class> <Subclass>aluminum alloy</Subclass> <Specification>ASTM B230</Specification> <ProcessingDetails> <Name>H18</Name> </ProcessingDetails> <PropertyData property="p1" source="s1"> <Data format="integer">23,17,15</Data> </PropertyData> </BulkDetails> <Metadata> <DataSourceDetails id="s1"> <Name> "Properties of Aluminum Alloys -Tensile, Creep, and Fatigue Data at High and Low Temperatures." </Name> </DataSourceDetails> <PropertyDetails id="p1"> <Name> Axial-Stress Fatigue Strength</Name> <Units name="ksi" Description="kip per square inch"> <Unit>kip</Unit> <Unit power="-2">inch</Unit> </Units> </PropertyDetails> </Metadata> </Material> </MatML_Doc> 
Approach
The specific revisions to MatML 2.0 resulting in MatML 3.0 include: porting the language specification from XML DTD to XML Schema; eliminating redundant entry of specific types of information; overhauling the Units content model; providing a mechanism for encoding measurement uncertainty; revising the content model for Terms; modifying several element content models to improve support for encoding data for composites; and addressing a reported document validation difficulty.
Schema
From the outset of the MatML project, the working group suggested that the specification for the language, ultimately, ought to be prepared using the XML Schema Definition Language 5 (XML Schema) rather than
Nesting
The MatML ASM-MSC Data Exchange Focus Group reported difficulties validating MatML 2.0 instance documents where multiple element tuples ("tuple" is a data object containing two or more data elements) were encoded within a single element (Compound, PropertyDetails, etc.) . Multiple element tuples have been eliminated in MatML 3.0 and have been replaced by nested content models.
Results
Appendix A contains the formal specification for MatML Version 3.0 Schema, including detailed documentation of each element's content model. The following discussion presents a high-level overview of the language specification.
MatML_Doc
The root element for a MatML document is named MatML_Doc. The MatML_Doc element contains one or more Material elements, each of which describes a material and its properties.
Material
The information contained by the Material element is compartmentalized into five major elements: 1. BulkDetails element contains a description of the bulk material; 2. ComponentDetails element contains a description of each component of the bulk material (useful for complex materials systems such as composites or welds); 3. Metadata element contains descriptions of data found in the document; 4. Graphs element encodes two dimensional graphics; 5. Glossary element contains definitions of terms found in the document.
BulkDetails
The BulkDetails element is composed of the following elements, which are fully documented in Appendix A:
• Name contains the bulk material's name;
• Class contains the bulk material's class;
• Subclass contains the bulk material's subclass;
• Specification contains the bulk material's specification;
• Source contains the source of the bulk material;
• Form contains the form of the bulk material;
• ProcessingDetails contains a description of a step in the processing history of the bulk material;
• Geometry contains a description of the geometry of the bulk material;
• Characterization contains the characterization of the bulk material including the chemical formula, chemical composition, phase composition, and dimensional details; • PropertyData contains data for a property of the bulk material;
• Notes contains any additional information concerning the bulk material.
ComponentDetails
The ComponentDetails element is composed of the following elements, which are fully documented in Appendix A:
• Name contains the component's name; 
Metadata
The Metadata element contains descriptions of the data sources, properties, measurement techniques, specimens, and parameters encoded within the MatML document. The Metadata element is composed of the following elements, which are fully documented in Appendix A:
• DataSourceDetails contains a description of a data source;
• PropertyDetails contains a description of a property;
• MeasurementTechniqueDetails contains a description of a measurement technique;
• SpecimenDetails contains a description of a specimen;
• ParameterDetails contains a description of a parameter.
Graphs
The Graphs element uses the W3C's Scalable Vector Graphics 10 markup language (SVG) for describing two dimensional graphics and allows for three types of graphical objects: vector graphics shapes, images, and text.
Glossary
The Glossary element contains terms, each of which is encoded using the Term element. The Term element is composed of the following elements, which are fully described in Appendix A:
• Name contains the term's name;
• Definition contains the term's definition;
• Abbreviation contains the term's abbreviation(s);
• Synonym contains the term's synonym(s);
• Notes contains any additional information pertinent to the term.
Discussion
With the publication of MatML 3.0, it is now possible to address other main findings of the 2001 MatML workshop. These include:
• A good set of illustrations demonstrating the power and flexibility of MatML should be established in order to advance the widespread adoption of MatML (Appendix B); • MatML must be tested thoroughly, involving individuals at various stages in the material development/application cycle ranging from materials specialists who select materials to designers responsible for addressing load-carrying capacity and failure limits. In addition, the needs of materials scientists exploring the fundamental structure and properties of materials, and of journal publishers disseminating materials information, must also be addressed;
• At the appropriate time MatML should be recognized officially and formally via registry with XML repositories such as xml.org and/or by standards organizations such as the Object Management Group, ASTM, or ANSI; • The overall effort should be linked with key industries, that might, via some of their applications, be in position to provide good tests for MatML and, assuming success, encourage or perhaps even require users of their information systems to use MatML as the data exchange medium.
To address some of the key strategic needs among these findings, the MatML Steering Committee ( The MatML Steering Committee represents the interests of a much larger community of materials and computing professionals interested in MatML and its objective of automating the exchange of materials property data over the Web.
Conclusion
At present, the materials data "marketplace" can be very chaotic and difficult for both providers and consumers. Until the arrival of MatML, there was no common exchange format but instead hundreds of proprietary formats that resulted in wasteful duplication of effort and poor scale-up. Also plaguing the materials data community is the absence of software interoperability, whereby one computer program, such as a finite element code, can automatically input material properties from another computer program or database without the necessity of human intervention. The present situation overall yields very inefficient data processing. MatML will serve the materials data marketplace as a common, publicdomain materials data exchange format -a non-proprietary and generic language for materials property data. With considerable built-in flexibility and extensibility as attributes of the language, MatML will provide for direct program-to-program interoperability, efficient data processing, and rapid, reliable, and useful response to searches for materials data over the Web. Its widespread adoption will provide for powerful and malleable connection of the various materials data sources found on the Web today, as well as those to be added to the Web tomorrow.
APPENDIX A: MatMLVersion 3.0 Schema <?xml version="1.0" encoding="UTF-8"?> <!--***************************************************************************************************************************** 
Copyrights
This work is an official contribution of the National Institute of Standards and Technology (NIST) and is not subject to copyright in the United States.
"METADATA" is a trademark of the Metadata Company. Any use of the term "metadata" in this document is in a descriptive sense, meaning "data about data." MatML is not in any way affiliated with the Metadata Company.
******************************************************************************************************************************John Rumble, Measurement Services Division Chief (NIST), for his support, knowledge, insights, and generosity with his time;
Ron Munro, Physicist (MSEL), for the benefit of his wisdom and recommendations as well as his deep and broad knowledge of materials property data;
John Michopoulos, Senior Research Scientist (USNRL), for his support, enthusiasm, technical insights and, particularly, for his early adoption of MatML for use via namespace in his development of femML, the finite element modeling markup language (http://www.istos.org/femML/); George Kelly, Building Environment Division Chief (BFRL) and Kent Reed, Computer Integrated Building Processes Group Leader (BFRL), for supporting the completion of this work.
****************************************************************************************************************************** Revisions MatML Version 3.0 Schema (henceforth referred to as MatML 3.0) is an enhancement of the previously released Annotated MatML DTD Version 2.0 (henceforth referred to as MatML 2.0) and addresses the technical issues identified during the June 2001 NIST workshop entitled "The Technical and Strategic Future of MatML." In addition to these revisions, the author reorganized several content models and renamed some elements to improve the clarity of the language. ****************************************************************************************************************************** --> <xsd:schema xmlns:xsd="http://www.w3.org/2001/XMLSchema" elementFormDefault="qualified" attributeFormDefault="unqualified"> <xsd:element name="MatML_Doc"> <xsd:annotation> <xsd:documentation> ************************* MatML_Doc ************************* This element declares the content model for MatML_Doc, topmost in the hierarchy of elements that comprise a document marked up using MatML. Content models describe the relationships of the element and its child elements. MatML_Doc must contain one or more Material elements.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element ref="Material" maxOccurs="unbounded"/> </xsd:sequence> </xsd:complexType> </xsd:element> <xsd:element name="Material"> <xsd:annotation> <xsd:documentation> ************************* Material ************************* This element declares the content model for Material, which contains materials data. Material has three optional attributes.
The first attribute, id, may be used as an identification specifier for the material, which is especially useful for complex systems such as composite laminates.
The second attribute, layers, may be used to indicate the number of layers in complex systems such as composite laminates.
The third attribute, local_frame_of_reference, may be used as an identification specifier for the local material orientation relative to the global frame of reference, which is especially useful for complex systems such as anisotropic materials.
Material is composed of the following elements.
BulkDetails contains a description of the bulk material and must occur once and only once within the Material element. For additional information, see the documentation for the BulkDetails element.
ComponentDetails contains a description of a component within the bulk material and may occur zero or more times within the Material element. ComponentDetails may be used to describe complex materials systems such as welds (e.g. the base metal, the heat affected zone, and the weld metal) or composites (e.g. the whiskers, fibers, and matrix of a fiber-reinforced composite material). For additional information, see the documentation for the ComponentDetails element.
Metadata contains descriptions of the data sources, properties, measurement techniques, specimens, and parameters which are referenced when materials property data are encoded using the PropertyData element. Metadata may occur once or not at all within the Material element. For more information, see the documentation for the Metadata element.
Graphs contains descriptions of two dimensional graphics and may occur once or not at all within the Material element. For additional information, see the documentation for the Graphs element.
Glossary contains descriptions of the material and property terms used in the document and may occur once or not at all within the Material element. For additional information, see the documentation for the Glossary element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element name="BulkDetails"> <xsd:annotation> <xsd:documentation> ************************* BulkDetails ************************* This element declares the content model for BulkDetails, which contains a description of the bulk material and is composed of the following elements.
Name contains the material's name and has one optional attribute, authority, for identifying an authoritative source of material names. Name must occur once and only once within the BulkDetails element.
Class contains the material's class and may occur once or not at all within the BulkDetails element.
Subclass contains the material's subclass(es) and may occur zero or more times within the BulkDetails element.
Specification contains the material's specification(s) and has one optional attribute, authority, for identifying an authoritative source of material specifications. Specification may occur zero or more times within the BulkDetails element.
Source contains the name of the source of the material and may occur once or not at all within the BulkDetails element.
Form contains the form of the material and may occur once or not at all within the BulkDetails element.
ProcessingDetails contains a description of a processing step for the material and may occur zero or more times within the BulkDetails element. For additional information, see the documentation for the ProcessingDetails element.
Geometry contains a description of the geometry of the material and may occur once or not at all within the BulkDetails element. For additional information, see the documentation for the Geometry element.
Characterization contains the characterization of the material, including the formula, chemical composition, phase composition, and dimensional details. Characterization may occur once or not at all within the BulkDetails element. For additional information, see the documentation for the Characterization element.
PropertyData contains the property data for the material and may occur zero or more times within the BulkDetails element. For additional information, see the documentation for the PropertyData element.
Notes contains any additional information concerning the bulk material and may occur once or not at all within the BulkDetails element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element ref="Name"/> <xsd:element ref="Class" minOccurs="0"/> <xsd:element ref="Subclass" minOccurs="0" maxOccurs="unbounded"/> <xsd:element ref="Specification" minOccurs="0" maxOccurs="unbounded"/> <xsd:element ref="Source" minOccurs="0"/> <xsd:element ref="Form" minOccurs="0"/> <xsd:element ref="ProcessingDetails" minOccurs="0" maxOccurs="unbounded"/> <xsd:element ref="Geometry" minOccurs="0"/> <xsd:element ref="Characterization" minOccurs="0"/> <xsd:element ref="PropertyData" minOccurs="0" maxOccurs="unbounded"/> <xsd:element ref="Notes" minOccurs="0"/> </xsd:sequence> </xsd:complexType> </xsd:element> <xsd:element ref="ComponentDetails" minOccurs="0" maxOccurs="unbounded"/> <xsd:element name="Metadata" minOccurs="0"> <xsd:annotation> <xsd:documentation> ************************* Metadata ************************* This element declares the content model for Metadata, which contains descriptions of data sources, properties, measurement techniques, specimens, and parameters, and is composed of the following elements DataSourceDetails contains a description of a data source referenced using the PropertyData element and may occur zero or more times within the Metadata element. For additional information, see the documentation for the DataSourceDetails element.
PropertyDetails contains a description of a property for which materials data are encoded using the PropertyData element and may occur zero or more times within the Metadata element. For additional information, see the documentation for the PropertyDetails element.
MeasurementTechniqueDetails contains a description of a measurement technique referenced using the PropertyData element and may occur zero or more times within the Metadata element. For additional information, see the documentation for the MeasurementTechniqueDetails element.
SpecimenDetails contains a description of a specimen referenced using the PropertyData element and may occur zero or more times within the Metadata element. For additional information, see the documentation for the SpecimenDetails element.
ParameterDetails contains a description of a parameter referenced using the PropertyData element and may occur zero or more times within the Metadata element. For additional information, see the documentation for the ParameterDetails element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element name="DataSourceDetails" minOccurs="0" maxOccurs="unbounded"> <xsd:annotation> <xsd:documentation> ************************* DataSourceDetails ************************* This element declares the content model for DataSourceDetails, which contains a description of a data source referenced by the PropertyData element. DataSourceDetails has one required attribute, id, which may be arbitrarily assigned but must be unique among id attributes assigned elsewhere in a MatML document. DataSourceDetails also has one optional attribute, type, for specifying the type of the data source (examples include "unpublished report," "journal," "handbook," etc.) DataSourceDetails is composed of the following elements.
Name contains the name of the data source and has one optional attribute, authority, for identifying an authoritative source of data source names. Name must occur once and only once within the DataSourceDetails element.
Notes contains any additional information concerning the data source and may occur once or not at all within the DataSourceDetails element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element ref="Name"/> <xsd:element ref="Notes" minOccurs="0"/> </xsd:sequence> <xsd:attribute name="id" type="xsd:ID" use="required"/> <xsd:attribute name="type" type="xsd:string" use="optional"/> </xsd:complexType> </xsd:element> <xsd:element name="PropertyDetails" minOccurs="0" maxOccurs="unbounded"> <xsd:annotation> <xsd:documentation> ************************* PropertyDetails ************************* This element declares the content model for PropertyDetails, which contains a description of a property referenced by the PropertyData element. PropertyDetails has one required attribute, id, which may be arbitrarily assigned but must be unique among id attributes assigned elsewhere in a MatML document. PropertyDetails also has one optional attribute, type, for specifying the type of the property (examples include "thermal," "mechanical," "electrical," etc.) PropertyDetails is composed of the following elements.
Name contains the name of the property and has one optional attribute, authority, for identifying an authoritative source of property names. Name must occur once and only once within the PropertyDetails element.
Units and Unitless are mutually exclusive elements for describing the property's units. Units or Unitless must occur once and only once within the PropertyDetails element. For additional information, see the documentation for the Units and Unitless elements.
Notes contains any additional information concerning the property and may occur once or not at all within the PropertyDetails element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element ref="Name"/> <xsd:choice> <xsd:element ref="Units"/> <xsd:element ref="Unitless"/> </xsd:choice> <xsd:element ref="Notes" minOccurs="0"/> </xsd:sequence> <xsd:attribute name="id" type="xsd:ID" use="required"/> <xsd:attribute name="type" type="xsd:string" use="optional"/> </xsd:complexType> </xsd:element> <xsd:element name="MeasurementTechniqueDetails" minOccurs="0" maxOccurs="unbounded"> <xsd:annotation> <xsd:documentation> ************************* MeasurementTechniqueDetails ************************* This element declares the content model for MeasurementTechniqueDetails, which contains a description of a measurement technique referenced by the PropertyData element. MeasurementTechniqueDetails has one required attribute, id, which may be arbitrarily assigned but must be unique among id attributes assigned elsewhere in a MatML document. MeasurementTechniqueDetails is composed of the following elements.
Name contains the name of the measurement technique and has one optional attribute, authority, for identifying an authoritative source of measurement techniques. Name must occur once and only once within the MeasurementTechniqueDetails element.
Notes contains any additional information concerning the measurement technique, such as a description of the technique, and may occur once or not at all within the MeasurementTechniqueDetails element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element ref="Name"/> <xsd:element ref="Notes" minOccurs="0"/> </xsd:sequence> <xsd:attribute name="id" type="xsd:ID" use="required"/> </xsd:complexType> </xsd:element> <xsd:element name="SpecimenDetails" minOccurs="0" maxOccurs="unbounded"> <xsd:annotation> <xsd:documentation> ************************* SpecimenDetails ************************* This element declares the content model for SpecimenDetails, which contains a description of a specimen referenced by the PropertyData element. SpecimenDetails has one required attribute, id, which may be arbitrarily assigned but must be unique among id attributes assigned elsewhere in a MatML document. SpecimenDetails also has one optional attribute, type, for specifying the type of the specimen (examples include "cylindrical," "rectangular," "full cross-section," "pressed," etc.) SpecimenDetails is composed of the following elements.
Name contains the name of the specimen and has one optional attribute, authority, for identifying an authoritative source of specimen names. Name must occur once and only once within the SpecimenDetails element.
Notes contains any additional information concerning the specimen and may occur once or not at all within the SpecimenDetails element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element ref="Name"/> <xsd:element ref="Notes" minOccurs="0"/> </xsd:sequence> <xsd:attribute name="id" type="xsd:ID" use="required"/> <xsd:attribute name="type" type="xsd:string" use="optional"/> </xsd:complexType> </xsd:element> <xsd:element name="ParameterDetails" minOccurs="0" maxOccurs="unbounded"> <xsd:annotation> <xsd:documentation> ************************* ParameterDetails ************************* This element declares the content model for ParameterDetails, which contains a description of a parameter referenced by the ParameterValue element. ParameterDetails has one required attribute, id, which may be arbitrarily assigned but must be unique among id attributes assigned elsewhere in a MatML document. ParameterDetails is composed of the following elements.
Name contains the name of the parameter and has one optional attribute, authority, for identifying an authoritative source of parameter names. Name must occur once and only once within the ParameterDetails element.
Units and Unitless are mutually exclusive elements for describing the parameter's units. Units or Unitless must occur once and only once within the ParameterDetails element. For additional information, see the documentation for the Units and Unitless elements.
Notes contains any additional information concerning the parameter and may occur once or not at all within the ParameterDetails element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element ref="Name"/> <xsd:choice> <xsd:element ref="Units"/> <xsd:element ref="Unitless"/> </xsd:choice> <xsd:element ref="Notes" minOccurs="0"/> </xsd:sequence> <xsd:attribute name="id" type="xsd:ID" use="required"/> </xsd:complexType> </xsd:element> </xsd:sequence> </xsd:complexType> </xsd:element> <xsd:element name="Graphs" minOccurs="0"> <xsd:complexType> <xsd:sequence maxOccurs="unbounded"> <xsd:element name="Graph"> <xsd:annotation> <xsd:documentation> ************************* Graphs ************************* This element declares the content model for Graphs, which must contain one or more Graph elements.
Graph uses the W3C's Scalable Vector Graphics markup language (SVG) for describing two dimensional graphics and allows for three types of graphical objects: vector graphics shapes, images, and text. Graph must occur one or more times within the Graphs element. For more information concerning SVG, see the documentation at http://www.w3.org/TR/SVG/.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:any namespace="http://www.w3.org/2000/svg" processContents="lax" maxOccurs="unbounded"/> </xsd:sequence> </xsd:complexType> </xsd:element> </xsd:sequence> </xsd:complexType> </xsd:element> <xsd:element name="Glossary" minOccurs="0"> <xsd:annotation> <xsd:documentation> ************************* Glossary ************************* This element declares the content model for Glossary, which contains descriptions of material and property terms used in the document. Glossary must contain one or more Term elements each of which is composed of the following elements.
Name contains the term's name and has one optional attribute, authority, for identifying an authoritative source of terms. Name must occur once and only once within the Term element.
Definition contains the term's definition and must occur once and only once within the Term element.
Abbreviation contains the term's abbreviations and may occur zero or more times within the Term element.
Synonym contains the term's synonyms and may occur zero or more times within the Term element.
Notes contains any additional information concerning the term and may occur once or not at all within the Term element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence maxOccurs="unbounded"> <xsd:element name="Term"> <xsd:complexType> <xsd:sequence> <xsd:element ref="Name"/> <xsd:element name="Definition" type="xsd:string"/> <xsd:element name="Abbreviation" type="xsd:string" minOccurs="0" maxOccurs="unbounded"/> <xsd:element name="Synonym" type="xsd:string" minOccurs="0" maxOccurs="unbounded"/> <xsd:element ref="Notes" minOccurs="0"/> </xsd:sequence> </xsd:complexType> </xsd:element> </xsd:sequence> </xsd:complexType> </xsd:element> </xsd:sequence> <xsd:attribute name="id" type="xsd:ID" use="optional"/> <xsd:attribute name="layers" type="xsd:integer" use="optional"/> <xsd:attribute name="local_frame_of_reference" type="xsd:ID" use="optional"/> </xsd:complexType> </xsd:element> <xsd:element name="Characterization"> <xsd:annotation> <xsd:documentation> ************************* Characterization ************************* This element declares the content model for Characterization, which contains a description of the chemical composition of the bulk material or component and is composed of the following elements.
Formula contains a string representation of the chemical formula for the bulk material or component and must occur once and only once within the Characterization element.
ChemicalComposition contains a description of the compounds and elements that comprise the bulk material or component and may occur once or not at all within the Characterization element. For additional information, see the documentation for the ChemicalComposition element.
PhaseComposition contains a description of the phases that comprise the bulk material or component and may occur zero or more times within the Characterization element. For additional information, see the documentation for the PhaseComposition element.
DimensionalDetails contains information relating to component or bulk material dimensional characteristics such as grain size, porosity, precipitate size and distribution, etc., and may occur zero or more times within the Characterization element. For additional information, see the documentation for the DimensionalDetails element.
Notes contains any additional information concerning the Characterization and may occur once or not at all within the Characterization element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element name="Formula" type="xsd:string"> <xsd:annotation> <xsd:documentation> ************************* Formula ************************* This element declares the content model for Formula, which contains a string representation of the chemical formula for the bulk material or component.
</xsd:documentation> </xsd:annotation> </xsd:element> <xsd:element name="ChemicalComposition" minOccurs="0"> <xsd:annotation> <xsd:documentation> ************************* ChemicalComposition ************************* This element declares the content model for ChemicalComposition, which contains a detailed description of the compounds and elements that comprise the bulk material or component. ChemicalComposition must contain at least one Compound element or Element element but may contain as many of each element as needed.
Compound contains a description of a compound. For additional information, see the documentation for the Compound element.
Element contains a description of an element. For additional information, see the documentation for the Element element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:choice maxOccurs="unbounded"> <xsd:element name="Compound"> <xsd:annotation> <xsd:documentation> ************************* Compound ************************* This element declares the content model for Compound, which contains the elemental description of a chemical compound and is composed the following elements.
Element contains the description of a chemical element and must occur one or more times within the Compound element. For additional information, see the documentation for the Element element.
Concentration contains the concentration of the compound and may occur once or not at all within the Compound element. For additional information, see the documentation for the Concentration element.
Notes contains any additional information concerning the compound and may occur once or not at all within the Compound element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element ref="Element" maxOccurs="unbounded"/> <xsd:element ref="Concentration" minOccurs="0"/> <xsd:element ref="Notes" minOccurs="0"/> </xsd:sequence> </xsd:complexType> </xsd:element> <xsd:element ref="Element"/> </xsd:choice> </xsd:complexType> </xsd:element> <xsd:element name="PhaseComposition" minOccurs="0" maxOccurs="unbounded"> <xsd:annotation> <xsd:documentation> ************************* PhaseComposition ************************* This element declares the content model for PhaseComposition, which contains a description of a phase that comprises the bulk material or component and is composed of the following elements.
Name contains the name of the phase and has one optional attribute, authority, for identifying an authoritative source of phase names. Name must occur once and only once within the PhaseComposition element.
Concentration contains the concentration of the phase and may occur once or not at all within the PhaseComposition element. For additional information, see the documentation for the Concentration element.
PropertyData contains property data for the phase and may occur zero or more times within the PhaseComposition element. For additional information, see the documentation for the PropertyData element.
Notes contains any additional information concerning the phase and may occur once or not at all within the PhaseComposition element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element ref="Name"/> <xsd:element ref="Concentration" minOccurs="0"/> <xsd:element ref="PropertyData" minOccurs="0" maxOccurs="unbounded"/> <xsd:element ref="Notes" minOccurs="0"/> </xsd:sequence> </xsd:complexType> </xsd:element> <xsd:element name="DimensionalDetails" minOccurs="0" maxOccurs="unbounded"> <xsd:annotation> <xsd:documentation> ************************* DimensionalDetails ************************* This element declares the content model for DimensionalDetails, which contains a description of a dimensional characteristic (e.g. grain size, porosity, precipitate size and distribution, etc.) of the bulk material or component and is composed of the following elements.
Name contains the name of the characteristic and has one optional attribute, authority, for identifying an authoritative source of dimensional characteristic names. Name must occur once and only once within the DimensionalDetails element.
Value contains the value of the dimensional characteristic and has one required attribute, format, for indicating the format of the value ("float," "integer," "string," or "exponential") found in Value. Value must occur once and only once within the DimensionalDetails element.
Units contains the units for the value of the dimensional characteristic and must occur once and only once within the DimensionalDetails element. For additional information, see the documentation for the Units element.
Qualifier contains any qualifier pertinent to the value of the dimensional characteristic (e.g. "min," "max," etc.) and may occur once or not at all within the DimensionalDetails element.
Notes contains any additional information concerning the dimensional characteristic and may occur once or not at all within the DimensionalDetails element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element ref="Name"/> <xsd:element ref="Value"/> <xsd:element ref="Units"/> <xsd:element ref="Qualifier" minOccurs="0"/> <xsd:element ref="Notes" minOccurs="0"/> </xsd:sequence> </xsd:complexType> </xsd:element> <xsd:element ref="Notes" minOccurs="0"/> </xsd:sequence> </xsd:complexType> </xsd:element> <xsd:element name="Class" type="xsd:string"> <xsd:annotation> <xsd:documentation> ************************* Class ************************* This element declares the content model for Class, which contains a string representing the class of the bulk material or component.
</xsd:documentation> </xsd:annotation> </xsd:element> <xsd:element name="ComponentDetails"> <xsd:annotation> <xsd:documentation> ************************* ComponentDetails ************************* This element declares the content model for ComponentDetails, which contains a description of a component within the bulk material and has one optional attribute, id, which may be used as an identification specifier for the component and is especially useful for complex systems such as composite laminates.
ComponentDetails is composed of the following elements. </xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element ref="Name"/> <xsd:element ref="Class" minOccurs="0"/> <xsd:element ref="Subclass" minOccurs="0" maxOccurs="unbounded"/> <xsd:element ref="Specification" minOccurs="0" maxOccurs="unbounded"/> <xsd:element ref="Source" minOccurs="0"/> <xsd:element ref="Form" minOccurs="0"/> <xsd:element ref="ProcessingDetails" minOccurs="0" maxOccurs="unbounded"/> <xsd:element ref="Geometry" minOccurs="0"/> <xsd:element ref="Characterization" minOccurs="0"/> <xsd:element ref="PropertyData" minOccurs="0" maxOccurs="unbounded"/> <xsd:element name="AssociationDetails" minOccurs="0" maxOccurs="unbounded"> <xsd:annotation> <xsd:documentation> ************************* AssociationDetails ************************* This element declares the content model for AssociationDetails, which contains a description of a relationship of the component to another component in a complex material system such as a composite, weld, or multilayer material. AssociationDetails is composed of the following elements.
Associate contains the name of a component's associate. For example, a TiC coating has been placed on AISI 1018 steel coupons. The Associate of the steel, then, is the "titanium carbide coating." Associate must occur once and only once within the AssociationDetails element.
Relationship contains a description of the relationship between a component and the associate. For example, the associate of the "steel" component is the "titanium carbide coating." The relationship of the "steel" to the "titanium carbide coating" is that the steel is the "substrate" for the coating. Relationship must occur once and only once within the AssociationDetails element.
Notes contains any additional information concerning the association and may occur once or not at all within the AssociationDetails element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element name="Associate" type="xsd:string"> <xsd:annotation> <xsd:documentation> ************************* Associate ************************* This element declares the content model for Associate, which contains a string representing a component's associate.
</xsd:documentation> </xsd:annotation> </xsd:element> <xsd:element name="Relationship" type="xsd:string"> <xsd:annotation> <xsd:documentation> ************************* Relationship ************************* This element declares the content model for Relationship, which contains a string representing the relationship between a component and the associate.
</xsd:documentation> </xsd:annotation> </xsd:element> <xsd:element ref="Notes" minOccurs="0"/> </xsd:sequence> </xsd:complexType> </xsd:element> <xsd:element ref="Notes" minOccurs="0"/> <xsd:element ref="ComponentDetails" minOccurs="0" maxOccurs="unbounded"/> </xsd:sequence> <xsd:attribute name="id" type="xsd:ID" use="optional"/> </xsd:complexType> </xsd:element> <xsd:element name="Concentration"> <xsd:annotation> <xsd:documentation> ************************* Concentration ************************* This element declares the content model for Concentration and is composed of the following elements.
Value contains the value of the concentration and has one required attribute, format, for indicating the format of the value ("float," "integer," "string," or "exponential") found in Value. Value must occur once and only once within the Concentration element.
Units contains the units for the value of the concentration and must occur once and only once within the Concentration element. For additional information, see the documentation for the Units element.
Qualifier contains any qualifier pertinent to the value of the concentration (e.g. "min," "max," etc.) and may occur once or not at all within the Concentration element.
Notes contains any additional information concerning the concentration and may occur once or not at all within the Concentration element.
</xsd:documentation> </xsd:annotation> <xsd:complexType> <xsd:sequence> <xsd:element ref="Value"/> <xsd:element ref="Units"/> <xsd:element ref="Qualifier" minOccurs="0"/> <xsd:element ref="Notes" minOccurs="0"/> </xsd:sequence> </xsd:complexType> </xsd:element> <xsd:element name="Element"> <xsd:annotation> <xsd:documentation> ************************* Element ************************* This element declares the content model for Element and is composed of the following elements.
Symbol contains the symbol for the chemical element, which is one among those enumerated by the ChemicalElementSymbol datatype. Symbol has one optional attribute, subscript, for indicating the subscript (formula units) of the chemical element. Symbol must occur once and only once within the Element element. For additional information, see the documentation for the ChemicalElementSymbol datatype.
